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ABSTRACT
Communicating tha Risks and Hazards of Methylaiarcury to th*
Ojibwo Population
by
Glenna Lee
Dr. Shawn L. Gerstenberger, Examination Committee Chair 
Assistant Professor of Environmental Studies 
University of Nevada, Las Vegas
Fatal poisonings due to the consumption of fish 
containing high concentrations of methylmercury have been 
well documented, and demonstrate that the consumption of 
mercury-contaminated fish and other organisms can contribute 
to adverse human health effects. Native Americans of the 
Great Lakes region are one of the populations potentially 
subjected to greater concentrations of methylmercury than 
the general population because fishery is an integral part 
of their culture. The purpose of this study is to 
investigate the Ojibwe of the Great Lakes region's 
understanding of the risks and hazards associated with the 
consumption of fish contaminated with methylmercury and 
increase their awareness, thus allowing them to make 
independent science-based decisions.
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CHAPTER I 
INTRODUCTION
Interest in mercury in the environment has been greatly 
stimulated since the epidemics of methylmercury poisoning in 
Minamata and Niigata, Japan due to ingestion of contaminated 
seafood. Today, there is great concern among federal and 
state agencies and the public about the potential adverse 
human health effects associated with the consumption of 
contaminated seafood, particularly fish. Native American 
populations have been identified as one of the human 
populations particularly vulnerable to potential adverse 
human health effects related to the consumption of fish 
containing mercury. This study will focus on the Ojibwe 
tribes of the Great Lakes region. The Ojibwe tribes have a 
long cultural tradition of fishing-based lifestyles, which 
include commercial fishing, subsistance fishing, and spear 
fishing in the spring. Fish is also a major part of their 
traditional diet, which provides health benefits. They are 
more likely to consume larger quantities of fish, especially 
during spear fishing season, than the average non-Indian
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citizen. According to a recent study of the Ojibwe 
population of the Great Lakes region, fish are consumed at 
the highest rates in April, May, June, and July 
(Gerstenberger, Travis, Hansen, Pratt-Shelley, & Dellinger 
(1997). This suggests that the Ojibwe tribes are more 
likely to be exposed to elevated concentrations of mercury.
Although mercury exists in the environment in several 
forms, fish primarily accumulate methylmercury, which 
bioaccumulates up the aquatic food chain (World Health 
Organization [WHO], 1990). The subsequent consumption of 
fish is the primary pathway of human exposure. Methylmercury 
is a selective and irreversible poison to both the adult and 
the developing nervous system because it readily crosses the 
blood-brain barrier and the placenta (Clarkson, 1991). 
Studies have demonstrated that eating fish contaminated with 
methylmercury can lead to adverse health affects such as 
nervous system damage, kidney damage, and can also effect 
the developing fetus (Tollefson, 1989; WHO, 1990; Clarkson,
1991; Sim & McNeil, 1992). The elderly are among the 
subpopulations at a greater risk due to the bioaccumulation 
of methylmercury over time and due to the sensitivity of the 
blood-brain barrier associated with increasing age. The 
developing fetus may be especially vulnerable to low 
concentrations because methylmercury readily crosses the 
placenta and the blood-brain barrier (Tollefson, 1989;
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Clarkson, 1990; Clarkson, 1991; Beattie, Gerstenberger, 
Hoffman & Dellinger, 1996) . The underlying damage to the 
developing brain appears to be a result of the interference 
with cell division and cell migration (Clarkson, 1990). 
Prenatal exposure can produce cerebral palsy in infants 
although the mother may have mild or no symptoms (Clarkson, 
1991). Postnatal exposure is also of great concern for 
mothers who are breast feeding their infants since 
methylmercury can be excreted via the breast milk. Thus, 
the elderly, pregnant women, women of child-bearing age, and 
the developing fetus are of greatest concern.
Many of the lakes and streams in the Great Lakes region 
have been found to be contaminated with mercury, therefore, 
fish consumption health advisories have been placed on them.
A fish consumption advisory is an important management 
tool that informs the public about high levels of toxic 
substances in fish while still allowing benefits from the 
fishery to accrue (Reinert, Knuth, Kamrin, & Stober, 1991). 
The U.S. Environmental Protection Agency (EPA) assists the 
states in managing risks from contaminants in local 
recreational and subsistence fisheries. The states and 
local agencies often use the Food and Drug Administration 
(FDA) and EPA procedures or combinations of both as the 
basis for developing fish consumption advisories. However, 
the two federal agency approaches are not always consistent.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4
This has contributed to differences among states in 
developing fish consumption advisories for the same body of 
water. Some states have adopted a zero risk approach and 
have advised consumers not to eat certain species, while 
others for the same species have advocated a limit on 
intake. This has caused controversy not only with the 
states, but also within the states among health, 
environmental, and fish and wildlife agencies. It has also 
caused confusion among fish consumers concerning the safety 
of eating local fish.
The effectiveness of reaching all potential audiences 
with a fish advisory has been studied by Velicer & Knuth 
1994; Reinert et al., 1991; Jakus, Dadakas, & Fly, 1998; and 
Tilden, 1997. Although fish consumption advisories have 
been issued by Great Lakes states since the mid 1970s, very 
little is still known about advisory awareness, especially 
by women. According to a recent study by Tilden (1997), 
only half of Great Lakes sport fish consumers reported 
awareness of a health advisory concerning eating Great Lakes 
sport fish.
A fish consumption advisory awareness study was also 
done in the Lake Ontario region. According to this study, 
two silent but potentially large sensitive subpopulations, 
women of child-bearing age and children, were not receiving 
the information adequately (Velicer et al., 1994). It is
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often the males that take their catch home to their families 
and, though they may be within the consumption advisory, 
very often do not realize that there are more stringent 
guidelines for women and children. This suggests other, 
more innovative forms of media might be needed to get the 
message across to women and children such as seminars 
specifically for women.
Studies on Native Americans' awareness of fish 
consumption advisories is very limited, yet they are one of 
the populations at high risk because fishing is an integral 
part of their culture. Although studies on Native American 
fish consumption have been done, the results have not always 
been communicated back to the participants. Communicating 
the results back to the participants will not only encourage 
risk-reducing behavior, but will also increase awareness of 
the risks and hazards associated with the consumption of 
fish contaminated with methylmercury. The purpose of this 
study is to investigate the Ojibwe of the Great Lakes 
region's understanding of the risks and hazards associated 
with the consumption of fish contaminated with 
methylmercury, and determine how to effectively communicate 
the risks and hazards in a culturally relevant manner.
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CHAPTER II
LITERATURE REVIEW 
Chemical Properties 
Mercury (Hg) is a heavy metal that occurs naturally in 
the environment in several forms: elemental, inorganic, and 
organic. In the elemental form, mercury is a shiny, silver- 
white, odorless liquid that has a molecular weight of 
200.59, and a melting point of -38.87 degrees Celsius. 
Elemental mercury can evaporate into the air and carried 
long distances before returning to the earths surface in 
rain and snow (National Academy of Science, 1978) .
Elemental mercury tends to escape from water as a gas, not 
posing much of a threat in aquatic ecosystems 
(Gerstenberger, 1993).
Mercury can also combine with other elements, such as 
chlorine, sulfur, or oxygen, to form inorganic mercury 
compounds or salts which exist in the Hg*’ (HgCl) and Hg*- 
(HgCl2 ) states. The Hg** oxidation state is insoluble in 
water and not highly toxic, while the Hg*' oxidation state 
is extremely soluble in water and more toxic (Merck Index,
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1976). Most inorganic mercury compounds are white powders 
or crystals except for mercuric sulfide (cinnabar) which is 
red and turns black when exposed to light.
Mercury can also form a chemical bond with carbon to 
create a large number of organomercurial compounds often 
referred to as organic mercury compounds. Organic Mercury 
includes methyl, ethyl, and phenyl mercury (Gerstenberger, 
1993) . Of the organic forms, methylmercury (meHg) is the 
most toxic and is of particular importance in aquatic 
systems because it is known to accumulate in organisms 
through the food chain and cause severe health problems in 
humans (Westoo, 1973). Furthermore, 90% of mercury found in 
fish is in the form of methylmercury.
Sources of Mercury 
There are two main sources of Mercury; natural sources 
and anthropogenic sources. The degassing and weathering of 
the earth's crust is the primary natural source of mercury. 
The geochemical cycle of mercury involves degassing of the 
earth's crust, evaporation from the water, transport of 
mercury vapor, and finally, returning to the earth's land 
and water. Other natural sources include fires, mineral 
deposits, and volcanic activities.
Anthropogenic sources of mercury are usually released 
into the environment by industrial and agricultural
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activities. Until the 1960s, chlor-alkali manufacturing, 
which is associated with the pulp and paper industry, was a 
major industrial mercury source in the US and Canada (Health 
and Welfare Canada, 1984). Today, incineration processes 
may be another major source of mercury. Other 
anthropogenic sources of mercury include paint, disposal of 
batteries, and flourescent lamps.
In 1990, two Great Lakes estuaries, the St. Louis River 
estuary and the Fox/Green Bay estuary were investigated for 
concentrations of mercury contamination, which revealed high 
concentrations of mercury in water, sediments, and 
precipitation (Glass, Sorensen, Schmidt, & Rapp, 1990) . The 
St. Louis River is the border between Minnesota and 
Wisconsin. The Minnesota and Wisconsin health departments 
have placed fish consumption advisories on these bodies of 
water due to high concentrations of mercury. The highest 
water and sediment mercury concentrations for the St. Louis 
River occurred near a regional wastewater treatment facility 
(Glass et al., 1990). The highest mercury concentrations 
were associated with the incineration process where sewage 
sludge is burned by using refuse-derived fuel from municipal 
garbage, and from municipal wastewater inputs (Glass et al.,
1990).
The Fox River/Green Bay estuary flows into the Green 
Bay region of Lake Michigan. The highest mercury
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concentrations in the Fox River/Green Bay estuary occurred 
immediately downstream from the DePere Dam and originated 
from sediment sources and/or unidentified discharges (Glass 
et a l ., 1990) .
Medium of Transport 
Mercury released into the atmosphere as vapor can be 
carried long distances before returning to the earth's 
surface through wet and dry depositions. Wet deposition in 
the form of precipitation is the primary method of removal 
of mercury from the atmosphere. When mercury enters the 
aquatic environment, it can be dissolved or suspended in the 
water, trapped in the sediment, and incorporated into living 
organisms. The most available and most toxic form of 
mercury is methylmercury. Fish can absorb methylmercury 
directly through their gills or ingest it by eating smaller 
organisms. Microscopic plants absorb considerable amounts 
of methylmercury from the water, so the small fish that eat 
them receive concentrated doses. Large predatory fish then 
eat the smaller fish, and methylmercury tends to accumulate 
because it is not readily excreted. It is not excreted 
readily due to its very long half-life of approximately two 
years in fish (Stopford & Goldwater, 1975). Methylmercury 
is taken up by biota and bioaccumulates in the muscle tissue 
of fish (Raloff, 1991). Thus, a fish at the top of the food
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Chain may have concentrations of methylmercury a million 
times the concentration in the surrounding water.
Absorption
Everyone is exposed to very low concentrations of 
mercury in water, air, and food because it occurs naturally 
in the environment. However, there are some people who may 
be exposed to higher concentrations of mercury. Mercurial 
compounds can be absorbed by the human or animal body via 
several routes. It can enter the lungs by inhalation, the 
gastrointestinal (GI) tract by ingestion, and can enter the 
placenta into the fetus. Consumption of fish contaminated 
with methylmercury is the main route of exposure as seen in 
Minamata Bay, Japan (Tollefson, 1989) where fishermen and 
their families consumed seafood from the bay which was 
contaminated by methylmercury. As a result, 6,669 victims 
were treated for mercury poisoning and there were 55 deaths.
Distribution 
Once a chemical enters the bloodstream, it is 
distributed rapidly throughout the body. The rate of 
distribution to each organ is related to the blood flow 
through the organ (Lu, 1985) and other variables including 
lipophilicity, particle size, ionization state, and 
concentration. The lipophilic nature of methylmercury
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allows it to be readily distributed to all tissues including 
the brain and fetus, with the highest concentration found in 
the kidneys (Nielson & Anderson, 1991a; Rice, 1989a; Ryan, 
Sin, & Wong, 1991). Tissue concentrations tend to remain 
constant relative to blood levels. About 90% of the 
methylmercury in blood is found in the red blood cells 
(Kershaw, Clarkson, & Dhahir 1980).
Methylmercury also readily crosses the human placenta 
and enters the fetus. The mercury concentration in fetal 
red blood cells is 30% higher than in those of the mother 
and thus may be due to the accumulation of methylmercury in 
cord erythrocytes (Kuhnert, Kuhnert, & Erhard, 1981;
Tsuchiya, Mitani, & Nakata, 1984) or it may be due to the 
different chemical structure of fetal and adult hemoglobin 
(Friberg, Nordberg, & Vouk, 1979). Methylmercury 
distributes to all tissues in the fetus, including the brain 
which is the principal target organ for prenatal toxicity.
It has been demonstrated that mercury also accumulates 
in hair following exposure to methylmercury in humans and 
mice (Grandjean, Weihe, & Horgensen, 1992; Nielson &
Anderson, 1991a, 1991b). Hair mercury concentrations using
segmental hair analysis can be used to monitor exposure to 
mercury and may leave a historical record of exposure or 
uptake (Phelps, Clarkson, & Kershaw, 1980). The 
concentration of mercury in the hair is considered
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
proportional to the concentration of mercury in the blood.
Metabolism.
The most important site of biotransformation of 
methylmercury is in the liver. The liver tries to decrease 
toxicity so that it can be excreted. However, if high 
concentrations of methylmercury is present, whatever the 
liver does not biotransform is distributed to other parts of 
the body including the lungs, stomach, intestine, skin, and 
kidneys (Lu, 1985).
Excretion
The predominant route of excretion for methylmercury is 
through the fecal (biliary) pathway, with less than one- 
third of the total mercury excretion occurring through the 
urine following oral and inhalation exposures (Norseth & 
Clarkson, 1970). In humans, nearly all of the total mercury 
in the feces after organic mercury administration is in the 
inorganic form (Agency for Toxic Substances and Disease 
Registry [ATSDR], 1994). The conversion of methylmercury to 
inorganic mercury is a major step that is dependent on the 
duration of exposure and/or the duration after cessation of 
exposure (ATSDR, 1994). Methylmercury has also been shown 
to be excreted in the breast milk of humans, rats, and 
guinea pigs (Sundberg & Oskarson, 1992; Yoshida, Satoh, & 
Kishimoto, 1992) .
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Studies on rats and nonhuman primates have shown that 
methylmercury is secreted in the bile and can be reabsorbed 
in the intestine through an enterohepatic circulation, 
contributing to marked retention by the body (Norseth & 
Clarkson, 1971), In guinea pigs, hamsters, and monkeys, 
methylmercury is extensively reabsorbed from the gall 
bladder, providing evidence for the enterohepatic 
circulation of mercury (Dutczak, Clarkson, & Ballafori,
1991). This cycling might be one of the reasons for the 
long biological half-life and toxicity of methylmercury.
Adult Health Risks 
Epidemics of mercury poisoning following exposure to 
methylmercury in Minamata Bay, Niigata, and in Canadian 
Indians have demonstrated that neurotoxicity is the health 
effect of greatest concern in adults (Takizawa, 1979; 
Wheatley, Barbeau, Clarkson, & Latham, 1979). Methylmercury 
has been found to impair the blood brain barrier and the 
nerve cells within hours after exposure (Steinwall & Katzo, 
1966; Steinwall & Snyder, 1969). The blood brain barrier 
acts as a physical barrier and regulates the exchange of 
metabolic material between the brain and blood (Broman, & 
Steinwall, 1967; Tower, 1962; Lajtha, 1962; Steinwall & 
Katzo, 1966). It has been further indicated by Passow, 
Rothstein, & Clarkson (1961, 1970), that mercury ions
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probably cause damage to the membrane structure by forming 
cross-linkages with the protein moiety of the cell membrane. 
This creates an abnormal strain on the membrane functions, 
causing the mercury to pass through. The epidemic poisoning 
in Japan, Iraq, Canada, and others have resulted in loss of 
sensation in extremities, loss of coordination, ataxia, 
constriction of the visual fields, and loss of hearing in 
adults.
Developmental Health Risks 
The sensitivity of the developing brain to toxic 
effects of methylmercury has been well documented. The 
developing fetus is at a higher risk than adults because 
their developing tissues and organs are especially sensitive 
to the effects of methylmercury (Buchet, Reels, Hubermont, & 
Lauwerys, 1978; Ando, Hirano, Itoh, 1985; Sim & McNeil,
1992). Methylmercury compounds effectively pass through the 
blood brain barrier and placenta. According to Clarkson 
(1990), the underlying damage to the developing brain 
appears to be a result of the interference with cell 
division and cell migration. Methylmercury causes 
destruction of microtubules, elements in the cytoskeleton 
involved in neuronal cell division and migration. As a 
result of this action, the cytoarchitecture of the brain 
becomes disrupted.
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Follow-up studies of the Minamata Bay and Iraq 
outbreaks indicated that infants exposed prenatally suffered 
pathological brain damage while the mother showed little or 
no symptoms (Harada, 1966; Marsh, 1987). Clinical symptoms 
in the infants include; delay of disappearance of primitive 
reflexes, mental disturbances, retardation of physical 
development, retardation of the emergence of behavior 
patterns, disturbance in mastication and swallowing, 
disturbance in motility and impairment of voluntary 
movements and coordination (ataxia), involuntary movements, 
constriction of visual field, and abnormal movement of the 
eyeballs (Tsubaki & Irukayama, 1977).
Risk Communication
Until recently, communication about health risks have 
been complicated by new and unfamiliar types of hazards and 
by public confusion and apprehension about the magnitudes of 
the threats. Because of this, it is very important that 
Native Americans that consume large amounts of fish are 
informed of the risks and hazards associated with the 
consumption of fish contaminated with methylmercury. In 
order for Native Americans to understand the risks and 
hazards of methylmercury exposure, community members need to 
be involved in every aspect, including participation in 
exposure assessment studies, getting feedback on the '
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exposure assessment studies and making decisions based on 
the results of the studies.
Forms of Risk Communication 
Risk communication encompasses many types of messages 
and processes and comes in many forms. Lundgren (1994) 
divides risk comimunication along functional lines, 
distinguishing between care communication, crisis 
communication, and consensus communication.
Although these forms of risk communication have 
elements in common, they require different tactics or ways 
of communicating to effectively communicate risk to 
respective audiences. According to Lundgren (1994), "care 
communication is risk communication about health and safety 
risks, risks for which the danger and the way to manage it 
have already been well determined through scientific 
research that is accepted by most audiences". Health care 
communication and industrial risk communication are two 
subsets of care communication.
Crisis communication is "risk communication in the face 
of extreme, sudden danger like an accident at a nuclear 
power plant, the impending break in an earthen dam, or the 
outbreak of a deadly disease" (Lundgren, 1994). This type 
of communication usually involves communication both during 
and after the emergency.
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Consensus communication is "risk communication to 
inform and encourage groups to work together to reach a 
decision about how the risk will be managed" (Lundgren,
1994). Consensus communication is also a subset of 
stakeholder participation which encourages all those with an 
interest in how the risk is managed to be involved in 
consensus building (stakeholder participation is also 
generally called public engagement, public involvement, 
public participation, and audience interaction).
Approaches to Communicating Risk
There are a number of approaches to the process of risk 
communication and its components, including how messages are 
sent and received, how conflicts are managed, and how 
decisions are made. Each approach views risk communication 
from a slightly different perspective, just as different 
audiences view a risk from different perspectives (Lundgren, 
1994). The more risk communication perspectives the 
communicators understand, the more likely they will be able 
to choose approaches that will meet the needs of their 
particular situation and audience, and the more likely that 
their risk communication efforts will succeed. The 
following approaches to risk communication presents an 
overview of the different ways the risks and hazards of 
methylmercury can be communicated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
National Research Council 
The National Research Council (NRC) defines risk 
communication as an interactive process of exchange of 
information and opinions among individuals, groups, and 
institutions concerning a risk or potential risk to human 
health or the environment (NRC, 1989). It involves multiple 
messages about the nature of risk and other messages, not 
strictly about risk, that express concerns, opinions, or 
reactions to risk messages or to legal and institutional 
arrangements for risk management (NRC, 1989). The process 
of exchanging information will vary for each type of risk 
communication. In consensus communication, the audiences 
have to be involved in exchanging information with those who 
are communicating and managing the risk. The exchange can 
be incorporated into care communication by, at the very 
least, soliciting audience feedback before and after risk 
information is distributed. Exchanging information with the 
potential audience (those who may be affected by a crisis) 
as part of emergency planning efforts is one way of 
exchanging information since there is never time to bring 
together representatives of the audience to determine their 
needs and concern.
Mental Model
The mental model approach to risk perception starts
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from the premise that to communicate effectively about risks 
it is first necessary to find out what the target audience 
already knows and believes about the hazard, and how it 
differs from what they need to know in order to make 
effective decisions about risk reduction (Hampson, Andrews, 
Lee, Foster, Glasgow, & Lichtenstein, 1998). Communicators 
begin by identifying the audience the risk communication 
efforts will be directed towards (Lundgren, 1994) . After 
identifying the audience, the communicators interview 
members of that audience to determine how the audience views 
the risk. This is done through open-ended questions that 
gradually become more focused as the interview progresses. 
Answers from all the participants are then used to compile a 
"mental model" which is a view of how the audience sees the 
risk. The mental model is then compared to the expert 
model, the model that scientists use to evaluate risk. Risk 
communication messages are then designed to address the gaps 
or inconsistencies in the audience's knowledge (Morgan, 
Fischhoff, Bostrom, Lave, & Atman, 1992). The implication 
for those who communicate risks is that to really 
communicate with your audience, you must understand what 
your audience already believes about the risk.
For care communication, communicators will need to 
understand lifestyle characteristics of the audience to 
tailor risk messages. In consensus communication, the
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communicators will need to understand the concerns and 
beliefs of the audience before they can hope to agree on a 
solution. Understanding the cultural background of the 
audience is important in crisis communication because it 
helps in discussing ways to mitigate a crisis.
Convergence Communication 
The convergence communication approach is a theory that 
communication (including risk communication) is an 
interactive long-term process in which values (culture, 
experiences, and background) of the risk communication
organization and the audience affect the process of
communication (Rogers et al., 1981). In this approach, the
organization issues information that the audience processes
to the extent possible and issues its own information (we do 
not trust you, what is this stuff, do you want me to do 
something). The organization then processes that 
information and responds by issuing more information and 
this cycle continues among the groups until common ground is 
reached. The implication for those who are communicating 
the risk is that the audience must be involved in the risk 
communication process, that the process must be a dialogue, 
not a monologue on the part of the organization (Rogers & 
Kincaid, 1981). Continuous feedback and interpretation are 
necessary for communication to be effective, especially for
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consensus communication. For consensus communication, the 
dialogue is with the group with which you are trying to 
develop a consensus. For care communication, the dialogue 
may be with a group who offers insights into how a 
particular audience views a risk. And for crisis 
communication, the dialogue may be with community members 
involved in emergency planning efforts.
Three-Challenge
The three-challenge approach follows three approaches 
developed by Rowan (1991) and they are; (1) knowledge 
challenge where the audience needs to be able to understand 
the technical information surrounding the risk assessment;
(2) process challenge v/here the audience needs to feel 
involved in the risk management process; and (3) 
communication skills challenge where the audience and those 
who are communicating the risk need to be able to 
communicate effectively.
To meet the knowledge challenge, the communicator will 
have to present the technical information in ways the 
audience will understand. The information can be presented 
in print (graphics, such as simple diagrams, pie charts, 
conceptual drawings), orally (presentations with vivid 
projected graphics and handouts), visually (advertisement 
and displays), and through audience interaction (small group
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discussions with facilitators who are knowledgeable about 
the risk). To meet the process challenge, the audience will 
have to be included in how the risk is being managed. This 
includes involvement in choosing among a variety of 
preventive or mitigative measures, participating in risk 
management decisions, and preparing emergency preparedness 
plans. To meet the communication skills challenge, those 
who are communicating the risk may need to interview the 
audience to help them focus their thoughts or meet v/ith them 
in smaller groups so that they can help each other 
communicat e .
Linear Model 
The linear model portrays communication as the 
transmission of a message, via a channel (media), from a 
source (sender), to a receiver (Bradbury, 1994). 
Communication is conceptualized as a one-way process with 
feedback loops that allow for a reaction in which 
information is provided to someone. The focus of the linear 
model is the effect of communication on the receiver, 
essentially the goal is persuasion. A risk management 
agency is viewed as the communicator and groups of the 
public are the audiences. Important issues for research and 
practice include how to facilitate attitude change and how 
to promote consistency between attitudes and behavior in the
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intended receiver. Training and assistance for technical 
personnel is likely to focus on ways to ensure that the 
technical messages are received (Bradbury, 1994).
Determining Proper Media
Communicators have to present technical information in 
ways the audience will understand. The news media are prime 
transmitters of information on risks. They play a critical 
role in transmitting risk information to the public, in 
setting agendas, and in determining outcomes. However, the 
news media represent only one message delivery channel.
Other channels include interpersonal networks (peers and 
fellow employees), social networks (voluntary, community- 
based, and professional organizations), direct advertising, 
public service announcements, entertainment media, 
libraries, health fairs, local government agencies, public 
meetings, one-on-one contacts and counseling, health 
professional, community networks, posters, videotapes, 
electronic mail (email), pamphlets, and brochures (Covello, 
M'Callum, & Pavlova, 1987).
Covello et al. (1987) lists several guidelines for 
effectively transmitting information on risks; (1) select 
channels that are appropriate for the message, that are 
likely to reach the target audience, and that are feasible 
given resources, (2) communicate through channels that are
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perceived to be credible by the target audience, (3) use 
multiple media strategies for communicating and reinforcing 
risk information, including public service announcements on 
television and radio program, instructional television and 
radio programs, news coverage, and information brochures 
mailed directly to peoples' homes, (4) use interpersonal and 
social networks (peer and social relationships, fellow 
workers and fellow students, teachers, religious and 
community leaders, doctors, and employees) to support and 
reinforce messages, (5) establish telephone hotlines, toll- 
free numbers, and other mechanisms to control the spread of 
rumors and other information, and (6) meet the needs of the 
media, be open with and accessible to reporters, respect 
their deadlines, provide information tailored to the needs 
of different news media, such as graphics, and other visual 
materials for television, anticipate questions and provide 
relevant background materials, follow up on stories with 
praise or criticism as warranted and try to establish 
longstanding relationships with specific editors and 
reporters. According to Covello et al. (1987), when 
designing a message, one should recognize, respect, 
identify, and address people's values, preferences, and 
concerns. The message should be simple with non-technical 
language and use vivid, concrete images, examples, and 
anecdotes that communicate on a personal level and make
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technical risk data come alive.
Obj ectives
The following objectives will be addressed; (1) Compile 
hair mercury data among study participants from different 
reservations, (2) based on hair sample analysis, determine 
whether the same information on the risks and hazards of 
methylmercury should be sent to all populations, (3) 
determine which approach to communication is applicable for 
effectively communicating the risks and hazards of 
methlymercury to the Ojibwe populations, (4) determine which 
forms of media are most applicable for sending information 
regarding the risks and hazards of methylmercury to Ojibwe 
populations.
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CHAPTER III
METHODS 
Literature Review 
A comprehensive literature review was conducted using 
resources of the University of Nevada Las Vegas Library 
system. A literature review was conducted to obtain 
background information on mercury and to examine several 
different risk communication strategies and sources of 
media. Background information of mercury included; chemical 
properties, sources of mercury, medium of transport, 
absorption, distribution, metabolism, and excretion of 
mercury, adult health risks, and developmental health risks.
Different communication approaches were researched to 
determine which would be appropriate for effective 
communication. The different communication approaches 
included the national research council, mental models, 
convergence communication, three-challenge, and linear 
model. Multi-media strategies were also studied to 
determine which form most effectively transmits information 
to the Ojibwe populations. The different multi-media
26
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strategies included interpersonal networks, social networks, 
direct advertising, public service announcements, health 
fairs, public meetings, one-on-one contact, pamphlets, and 
brochures. The background information was gathered from 
numerous journals and books.
Data Collection 
Data on hair mercury concentrations were obtained from 
previous studies on different Ojibwe reservations done by 
Dr. Shawn Gerstenberger of the University of Nevada Las 
Vegas. The different Ojibwe reservations include the Red 
Cliff, Lac du Flambeau, Grand Portage, Bay Mills, Bad 
River, Grand Traverse, and Lanse/Baraga. The Lac du 
Flambeau reservation is the only reservation located inland 
while the rest are around the Great Lakes (Figure 1). In 
addition to hair mercury concentrations, information 
regarding fish consumption habits, species preference and 
other personal data including gender and age were obtained.
Comparison of Hair Mercury Concentrations 
The hair mercury concentrations obtained were first 
separated by reservations. The data was then further 
separated by gender within the reservations. A total of 3 
bar Graphs were then constructed to compare hair mercury
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concentration in both males and females among the different 
reservations, in females among the different reservations, 
and in males among the different reservations. For each of 
the graphs participants were separated into four different 
age groups. The different age groups for hair mercury 
concentrations in males and females were 15-32, 33-40, 41-49
and 50-80. The different age groups for hair mercury 
concentrations in females were 15-31, 32-40, 41-50, and 51- 
80, and the age groups for hair mercury concentrations in 
males were 18-33, 34-30, 41-48, and 49-74. The average hair 
mercury concentration for each age group was used to make 
comoarisons between the reservations.
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CHAPTER IV 
RESULTS
Comparison of Hair Mercury Concentrations 
There were a total of 211 participants from the 
different reservations. Of the 211 participants, 75 were 
males and 136 were females and both the youngest (15) and 
oldest participants were female. Numbers of participants 
from each reservation varied greatly. Table 1 shows a 
summary of the data obtained including reservation name, 
total number of female and male participants, female and 
male age range and the average hair mercury concentrations 
in females and males.
Figure 2 is a comparison of both male and female hair 
mercury concentrations among the reservations. Lac du 
Flambeau participants were found to have the highest 
concentrations of mercury in hair among the different 
reservations in each age group. Each age group for the Lac 
du Flambeau population had at least 1.4 mcg/g of mercury. 
Grand Portage and Red Cliff reservations showed a slightly 
higher concentration of hair mercury compared to Bay Mills,
30
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Table 1 Summary of Data Collected
Reservation
Name
# of 
Participants
# of 
Females
Female
Age
Range
Female
Mean
Age
# of 
Males
Male
Age
Range
Male
Mean
Age
Red Cliff 79 44 15-71 38.5 35 18-36 37.7
Lac du Flambeau 12 10 24-62 39.4 2 47-67 57
Grand Portage 8 4 43-70 58.7 4 37-74 51.3
Bay Mills 20 15 18-74 38.7 5 33-53 42.8
Bad River 29 23 23-67 42.1 6 22-71 40.6
Grand Traverse 34 20 26-80 43.3 14 25-67 42.3
Lanse/Baraga 29 20 22-62 42.4 9 24-62 45.2
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15-32 33-40 41-49
Age
50-80
■ Red Cliff (N=79) 
■Grand Portage (N=8)
■ Bad River (N=29) 
□Lanse/Baraga (N=29)
□ Lac du Flambeau (N=12)
□ Bay Mills (N=20) 
□Grand Traverse (N=34)
Figure 2 Hair Mercury Concentrations in Males/Females
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Lanse/Baraga, Bad River and Grand Traverse. The Bad River 
reservation did not have data for the 15-32 age groups.
Figure 3 illustrates a comparison of hair mercury 
concentrations in females among the different reservations. 
Lac du Flambeau population showed the highest concentration 
of mercury followed by the Red Cliff population. Lac du 
Flambeau, Lanse/Baraga and Bay Mills populations show a 
decrease in mercury concentrations in the 32-40 years age 
group. The Red Cliff, Bad River and Grand Traverse 
populations show an increase in mercury concentration from 
the 15-31 years age group to the 41-50 years age group and 
declines after that compared to the Lac du Flambeau, Bay 
Mills and Lanse/Baraga populations. The Grand Portage 
reservation did not have data for the 15-31 age groups.
Figure 4 illustrates a comparison of hair mercury 
concentrations in males among the different reservations.
Lac du Flambeau males had the highest concentrations of 
mercury in hair for the 41-48 and 49-74 age groups. The 
Grand Portage reservation had only 4 participants, none of 
whom fell within age groups 18-33 or 41-48. Lac du Flambeau 
did not have data available for the 18-33 and 34-40 age 
groups. The Bad River reservation did not have data for the 
34-40 and 41-48 age groups.
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CHAPTER V 
DISCUSSION
Comparison of Hair Mercury Concentrations 
A valid comparison of hair mercury concentrations 
among the different reservations was made difficult because 
of the extreme differences in the number of participants 
providing hair samples and their varied distribution of age, 
This left some age groups under-represented and lowered 
statistical power. Therefore, hair mercury concentrations 
were not used to determine whether the same information 
should be sent to all populations. Instead, it was 
determined that everyone, especially women and children, 
need to understand and be aware of the risks and hazards 
associated with the consumption of fish contaminated with 
methylmercury, thus allowing them to make independent 
science-based decisions.
Proposed Plan of Action Using Mental Model Approach 
The following is a proposed plan of action using the 
mental model approach to communicate the risks and hazards
36
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associated with the consumption of fish contaminated with 
methylmercury to the Ojibwe populations. The mental model 
approach was found to be the most appropriate because it 
begins with the premise that to communicate effectively 
about risks, it is first necessary to find out what the 
target audience already knows and believes about the hazard, 
and how it differs from what they need to know in order to 
make effective decisions about risk reduction (Hampson et 
al., 1998) .
Initial Contact with the Audience
Although the audience are all members of the Ojibwe 
populations residing in the geographical boundaries of their 
respective reservations this communication effort will focus 
on males on females over the age of 14. The school
enrollment registry will be used to identify potential male
and female participants between the ages of 14-18 years. 
Initial contact with the students will be made at the school
with permission from the school district.
The tribal enrollment registry will be used to identify 
all potential participants over the age of 18 years.
Initial contact will be made through several channels. 
Potential participants who are employed on the reservation 
will be contacted at their work place with permission from 
the employer. For the older subjects, visits will be made
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to the local senior centers for initial contact. Contact 
with potential participants that are unemployed or have not 
been reached will be made via personal visits. Contact will 
also be made at locations where spear-fishing licenses are 
obtained. Women that are part of the Women, Infants, 
Children (WIC) program will also be contacted at their 
meeting places.
Before initial contacts are made, informational notices 
regarding the communication effort should be posted 
throughout the reservation encouraging participation. The 
notices should contain information on why the study is being 
conducted, a brief description of how it will be conducted, 
who can participate, when it will be conducted and where it 
will be conducted and what the benefits of the study are.
The notices should be posted where people will likely notice 
them; schools, post office, hospitals, tribal offices, 
senior center, casinos, gas stations, fishing license 
office, WIC centers, and in the tribal newsletter.
Audience Analysis
In order for the communication efforts to be 
successful, you have to develop an understanding of your 
audience and this can be achieved through audience analysis. 
Audience analysis efforts can generally be divided into 
three levels; baseline audience analysis, midline audience
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analysis, and comprehensive audience analysis.
Baseline audience analysis is the first level that 
includes information related to the audience's ability to 
comprehend the communication, such as reading ability, 
preferred methods of communication, and level of hostility. 
The second level of audience analysis is termed midline.
This includes baseline information plus information about 
socioeconomic status, demographics, and cultural 
information, such as age, gender, and occupations. The 
third level is comprehensive audience analysis, which 
includes both baseline and midline information in addition 
to psychological factors such as motivations and mental 
models of risk.
For communication efforts to be successful for the 
Ojibv/e populations, communicators need to focus on 
comprehensive audience analysis because it includes mental 
models and it provides the risk communicator with the most 
information about the audience. Comprehensive audience 
analysis also allows the risk communicator to develop a 
friendly relationship with the audience. Table 2 is a 
sample of comprehensive audience analysis. The 
comprehensive audience analysis will be conducted with the
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Table 2 Comprehensive Audience Analysis
1. At what level do they read?
2. Whom do they trust and believe?
3. Where do they get information (television news, 
newspapers, radio, family networks)?
4. What is the highest level of education completed?
5. What are their ages?
6 . How many cultures make up the audience?
7. Are they mostly male or female?
8 . Where do they go to relax?
9. Where do they work?
10. Is the risk part of their work?
11. How near is the risk?
12. What kinds of concerns do they have?
13. How do they feel about the risk?
14. Are they interested in learning more about risk
reducing measures?
15. How far are they willing to go to minimize the risk?
16. How have they dealt with the risk so far?
17. What kinds of risk reducing measures are they taking 
now?
18. Who does the cooking at home?
19. How often do they eat fish?
20. How do they cook the fish?
21. Do they follow fish consumption advisories as posted?
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open-ended interviews since they are inter-related. Some of 
the key characteristics for comprehensive audience analysis 
are included in the open-ended interviews. Information 
gathered from the audience analysis will be used to tailor 
risk messages to meet specific audience and situational 
needs. The information gathered from audience analysis can 
tell you what media to use, what concerns to address, how 
much audience interaction is needed, among other factors 
(Table 3).
Open-ended Interviews 
Open-ended-interviews are essential for allowing 
people's mental models to emerge and also identifies 
possible misconceptions about the risk. The primary 
objective of this interview is to minimize the extent to 
which the investigator's perspective is imposed on the 
respondent (Morgan et al., 1992). Instead of asking 
directed questions, participants will be asked to tell the 
interviewer everything they know about mercury to ensure 
that they have the opportunity to address all aspects of the 
expert model. In this part of the interview, participants 
are encouraged to elaborate on each comment they make.
After they go through the "tell me about" stage, they will 
be encouraged to describe sources of mercury, exposure, 
risks and hazards, awareness of fish consumption advisories.
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Table 3 Using Audience Analysis to Tailor Messages (Taken from Lundqren, 1994
Information Learned How to Tailor the Message
If audience is well informed
Who the audience trusts
Where the audience feels comfortable
The method by which the audience gets 
most of its information
How the audience wants to be involved
in risk assessment or management
Audience concerns
Misconceptions of risk or process 
Who makes up the audience
Build on past information 
Use that person to present information 
Hold meetings/seminars in that location 
Use that method to convey message
Involve the audience in the way they 
want to 
be involved
Acknowledge concerns and provide 
relevant facts.
Acknowledge misconceptions
Ensure that the message reaches each 
member
N)
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Table 4 Open-Ended Interview
Basic prompts:
Anything else?
Can you tell me more?
Can you explain how?
Can you explain why?
Anything else-don't worry about whether it's right, 
just tell me what comes to mind.
Sources of mercury
Can you tell me what mercury is?
Can you tell me (more) about where mercury comes from?
Can you tell me (more) about how mercury gets into the
water/fish?
Exposure
Can you tell me how you can get exposed to mercury?
Can you tell me how fish get exposed to mercury?
Risks and hazards
What are the risks and hazards of mercury?
What kinds of concerns do you have about the risk?
How do you feel about the risk?
How does mercury effect us (children, adults, females, 
males)?
Awareness of fish consumption advisories
Can you tell me more about fish consumption advisories? 
How effective are they?
What other information would you want included in the 
fish consumption advisories.
Risk management
What risk-reducing measures are you taking to minimize 
the risk?
How do you think the risk should be managed?
How do you feel about fish consumption advisories as a 
form of management tool?
Exposure to news media
What form of media do you think is the most appropriate 
for communicating risk? Why?
Who would you be most comfortable with presenting 
  information on risk? Why?___________________________________
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and risk management. A sample of the open-ended interview 
is presented in Table 4.
Instead of interviewing participants individually, 
participants will be interviewed in groups by a single 
trained interviewer. A single trained interviewer will 
conduct all the interviews to insure that the protocol is 
followed in the same format. The interviews will be 
transcribed and reviewed periodically to insure that they 
adhere to the protocol. These measures will be taken to 
prevent the interviewer from helping the participant with 
answers.
Answers from all the participants will then be used to 
compile a "mental model," a view of how the audience sees 
mercury, its exposure, routes, and dangers. It is important 
to let the audience know and remind them that the open-ended 
interview is not a test and there are no right or wrong 
answers.
Students will be interviewed at school during one of 
their classes. Employees will be interviewed with their co­
workers at their work places with permission from the 
employer. The older adults will be interviewed at senior 
centers. Interviews will also be conducted at the fishing 
license office and WIC locations. In addition to these 
locations, other locations will be determined for those
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
participants who are unable to make the above locations.
Comparison of the Mental Model and Expert Model 
The mental model will then be compared with the expert 
model to identify the gaps and inconsistencies between the 
two models. Expert models are more convenient for 
displaying the functional relationships among variables 
(Morgan et al., 1992) . Figure 5 shows an example of what an 
expert model might look like for mercury. An arrow 
indicates that the value of the variable at its head depends 
on the value at its tail. An example of identifying a gap 
or inconsistency is if the audience indicates that all fish, 
regardless of size, have same amount of mercury because they 
are from the same body of water, then we know that this 
needs to be addressed because based on the expert model, the 
total concentration of mercury in fish depends on the size 
of the fish.
Structured Questionnaire 
The next step in this risk communication process is 
designing a structured questionnaire to verify the 
differences between the two models (Morgan et al., 1992) .
The questionnaire addresses significant expert and non­
expert concepts. The questionnaire should contain 
nontechnical language so that the lay respondent understands
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the material. The participants will be presented with a 
questionnaire that can be answered "true," "maybe true," 
"don't know," "maybe false," or "false." An example of the 
structured questionnaire is presented in Table 5. In 
addition to estimating the prevalence of different beliefs, 
a structured questionnaire further identifies important 
misconceptions or information gaps. This will determine 
what information needs to be presented to the audience.
Determining Proper Media
After the gaps and inconsistencies are determined, the 
information will be presented to the Ojibwe populations via 
several channels. The first channel will target all members 
of the Lac du Flambeau population whether they are at high 
risk or not. This will be through a brochure. Information 
in this brochure may include chemical properties, sources of 
mercury, medium of transport, toxicokinetics, health effects 
and risk reduction. This brochure will be distributed 
throughout the reservation; schools, tribal offices, 
hospitals, WIC centers, fishing license offices, post 
offices, senior centers, and so forth.
The second channel will also be in the form of a 
brochure but it will target women, especially women in their 
reproductive years. Information in this brochure may 
include toxicokinetics, health effects, and risk reducing
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Please answer the following statements with true (T), maybe 
true (MT), false (F), maybe false (MF), or don't know (DK).
1 . 
2 .
3 .
4 .
5 .
6 . 
7 .
9.
10 .
11. 
12 .
13 .
14 .
15 .
16 .
17 .
18 .
19.
20.
21 .
22 .
23 .
24 .
25 .
26.
mercury
through
compound. 
the aquatic
Mercury is a metal.
Mercury comes from natural sources.
Mercury is found in the air.
Methylmercury is an organic 
Methymercury bioaccumulates 
food chain.
Methylmercury can cross the human placenta and 
enter the developing fetus.
Methylmercury can cross the 
Consumption of contaminated 
route of exposure to methylmercury.
The highest concentrations of mercury are found 
in the kidney.
Pregnant women are the most sensitive to 
methylmercury.
blood brain 
fish is the
barrier.
main
methylmercury 
of biotransformation of
via breast 
children.
milk.
that eat more than 5
have the same
of
Men are not affected by 
The most important site 
mercury is in the liver.
Mercury can be excreted 
Mercury does not effect 
Mercury causes cancer.
Mercury affects only those 
fish meals per week.
All fish, regardless of size, 
concentrations of mercury.
Mercury is found only in the Great Lakes 
Smaller fish contain less concentrations 
mercury than larger fish.
One should eat more smaller fish than larger 
fish.
Mercury accumulation depends upon other chemical 
parameters in lakes.
Fish consumption advisories are not effective. 
Fish consumption advisories are difficult to 
understand.
Frying your fish is a risk-reducing measure.
You can get exposed to mercury by fishing in the 
lakes.
Pregnant women should not eat any kind of fish 
during their pregnancy._____________________________
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measures including cooking methods since a majority of women 
do the cooking. Since this brochure is addressed to women 
in particular, they will be distributed in places where 
women will more likely get it including WIC centers, 
hospitals (OB/GYN offices, pediatric clinics) schools, post 
offices, grocery stores, and laundromats. Although the 
brochure targets women, they will also be placed at the 
fishing license office so that men can become aware of them.
Oral communication will also be used as a form of 
media. This form of media is chosen because it offers the 
opportunity of immediate audience feedback. Oral 
communication also has the advantage of having a credible 
person presenting the risk information. Risk information 
that comes from trustworthy source is more readily believed 
than information from untrustworthy sources (Stelljes,
2000). Although scientists and government officials are 
judged high on expertise, they are often mistrusted by lay 
audience (Glanz & Yang, 1996), especially by Native 
Americans because they have a long history of bad 
experiences with the government. On the other hand, 
community activists and community leaders are usually 
trusted by community members although they may be considered 
lacking expertise. Whomever the audience trusts and finds 
credible will be trained to present information with experts 
on hand for questions and assistance. Information gathered
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from the audience analysis will be a major factor in 
determining how to present the information in terms of 
language, credibility, setting, and information sources.
Oral communication with school-age children will occur 
at the school. A proposal will be presented to the school 
district leaders that will allow their schools to make the 
communication of the risks and hazards of methylmercury in 
fish as part of the health education class curriculum. This 
will allow children to become aware at a young age. This
will also allow teenage girls take risk reducing measures if
chey should become pregnant in the future.
Information will also be disseminated at the senior 
centers for the older adults. The information presented 
will be similar to that presented to women because elderlies 
are more family oriented and they often pass information 
they receive to their children and grandchildren. This will
not only inform the elderlies, but will also this will also
help spread the information among people.
Native American Tribes participate in a federal grant 
program under the U.S. Department of Agriculture call Women, 
Infants, and Children (WIC). WIC targets low-income 
pregnant women(through pregnancy and up to 6 weeks after 
birth or after pregnancy ends, breastfeeding women (up to 
infant's first birthday), non-breastfeeding postpartum women 
(up to 6 months after the birth of an infant or after
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pregnancy ends) and to nutritionally at risk children (up to 
their fifth birthday). WIC provides supplemental nutritious 
foods, nutrition education and counseling at WIC clinics, 
and nutrition screening and referrals to other health, 
welfare and social services. WIC services are provided at 
Indian Health Service facilities, on Indian reservations, 
schools, community centers, hospitals, county health 
departments, mobile vans, and at public housing sites.
Since WIC is effective in improving the health of 
pregnant women, new mothers, and their infants this would 
make an excellent place to communicate the risks and hazards 
associated with the consumption of fish contaminated with 
methylmercury. A proposal will also be presented to the 
local (WIC) center and the Indian Health Service to allow a 
health care worker to come in and present information. This 
will need to be done on a regular basis since WIC is always 
enrolling new clients. This should not be a problem because 
health care workers from the hospital are already going to 
the WIC centers to present information on the risks and 
hazards of lead.
Information will also be printed in the tribal 
newsletter as a series. Each issue of the newsletter will 
consist of a specific area of risk until every aspect is 
covered. For example, the first issue might contain the 
sources of mercury and chemical properties, medium of
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transports and the next issue might include absorption, 
distribution, metabolism, and excretion and so on.
Fishing license offices will also be asked to suggest 
everyone obtaining a license go through a seminar on the 
risks and hazards of methylmercury and awareness of fish 
consumption advisories before they get their license. This 
will target mainly the males since they do most of the 
catching. It is important that men understand that women, 
especially those in their child-bearing years are at a 
higher risk and that there are specific guidelines for 
pregnant women in fish consumption advisories.
Furthermore, awareness of fish consumption health 
advisories should also be presented along with information 
on the risks and hazards since studies have indicated low 
awareness which might be due to the inconsistencies of 
guidelines set by states for the same body of water. Fish 
consumption advisory awareness seminars should focus on 
proper use of the advisories and understanding what the 
information in the advisories mean.
And finally, information can be presented at health 
fairs that are held throughout the year. Information booths 
can be set up where brochures, newsletters and other 
information can be obtained. Mini seminars can also be 
conducted with experts in the field on hand to answer any 
questions and for assistance. The most important aspect of
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this study is to help the members become aware of the risks 
and hazards associated with the consumption of fish 
contaminated with methylmercury, thus allowing them to make 
independent science-based decisions.
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C H A P TE R  V I
WEAKNESS OF APPROACH AND RECOMMENDATIONS 
Weakness of Approach 
Several weaknesses were recognized in the study. The 
first weakness was with the sample size (N). There were 
extreme differences in the number of participants providing 
hair samples from each reservation. For example. Grand 
Portage reservation had 8 participants while Red Cliff 
reservation had 7 9 participants. Additional samples for 
these reservations have been collected but analytical data 
was not available to incorporate into this paper at the 
present time. The second weakness was the number of male 
and female participants. More than half of the participants 
were female. The third weakness was the varied distribution 
of age among the reservations. These weaknesses made it 
difficult to make an adequate comparison of hair mercury 
concentrations among the different reservations. The varied 
distribution of age left some age groups under-represented 
and the sample size and the ratio of male to female lowered 
statistical power.
54
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Recommendations
The following recommendations are made to make a valid 
comparison of hair mercury concentration among the different 
reservations; (1 ) sample size from each reservation should 
be increased, (2 ) the number of samples from each 
reservation should be the same, (3) the number of male and 
female participants should be the same, and (4) the 
distribution of age should be even. These recommendations 
will allow for a more valid comparison because a larger 
sample size decrease the margin of error and increases the 
scatistical power. Furthermore, the even distribution of 
age is more representative of the population sampled.
Since state fish consumption advisories are often 
inconsistent with neighboring states advisories, it: is 
recommended that Ojibwe Tribes develop their own tribal fish 
consumption advisories. This will lesson the confusion of 
Che conflicting advisories for the same body of water. The 
fish consumption advisories can be based on the Great Lakes 
Indian Fish and Wildlife Commission's (GLIFWC)exposure 
assessment study. Furthermore, GLIFWC is also collecting 
and testing several kinds of fish, including walleyes, from 
several areas of Lake Superior to test for mercury, PCB's 
and other organic compounds. These studies can form the 
basis for Ojibwe fish consumption advisories.
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